Abstract. Agricultural production is critical for human survival and simultaneously 17 contributes to ecosystem degradation. There is a need for transparent, rapid methods for 18 evaluating the environmental impacts of agricultural production at the system-level in 
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Comparison of production-phase environmental impact metrics derived at the farm-and national-scale for United

30
Since record keeping of GHGs began in 1990 the agricultural sector has consistently 31 contributed an estimated 6 to 7 percent (%), 0.45 gigatone (Gt) carbon dioxide equivalent (CO 2 e),
32
of total GHG emissions in the U.S., according to the methodology used by the US Environmental Protection Agency (EPA 2013) . Globally, GHG emissions from agriculture were recently 1 estimated at approximately 4.6 Gt CO 2 e using a similar approach (Tubiello et al 2013) . These 2 estimates are based on older global warming potential (GWP) conversions integrated over a 100- 
10
Of the 920 million hectares that comprise the U.S. roughly 77 percent (%) of the land 11 surface, including Alaska and Hawaii, is occupied in some way for anthropogenic purposes. Of
12
this land 25% may be described as intensive use, i.e., cropland and developed land, with the 13 remaining 75% classified as pasture and timberland (Costello et al 2011) . Agricultural lands, i.e., 
18
Evaluation of the environmental sustainability of agricultural systems generally falls into 6 assessment methods to estimate environmental impacts of agricultural sectors; however, the 7 commodity categories in these studies are highly aggregated and do not include nitrogen as an 8 impact metric. Despite these valuable efforts, the systematic environmental assessment of 9 agriculture using a top down approach, particularly in the U.S., is still lacking. This study 10 combines LCA and MFA through a well-documented nutrient accounting tool to develop 11 environmental assessment metrics often used to characterize the sustainability of agricultural 12 commodities.
13
The herein can be applied to any study year. The NANI framework, described in more detail below,
7
provided the majority of crop and livestock production and nitrogen input and output data. 
17
The output from this study could easily be used in conjunction with energy use data at the farm or 18 national scale and upstream impacts could be incorporated for use in a full LCA.
20
NANI Model: Crop Production, Livestock Populations and Nitrogen
21
The structure of the NANI toolbox was used as the starting point for developing the 22 environmental impact estimates described in this work. Prior to this work there were no explicit Table S1 includes all of the equations used in the analysis.
27
The NANI toolbox includes national crop production (both weight and acreage), animal 
22
To establish domestic crop availability the exported quantities were subtracted from total 23 annual production (USDA2012c). Next, corn utilized for ethanol was subtracted from 24 domestically available corn. The amount of co-product generated during ethanol production and 25 used as animal feed was estimated as described below. Domestic crops were then allocated to 26 humans and livestock using the assumptions included in the NANI model, Comparison of production-phase environmental impact metrics derived at the farm-and national-scale for United States agricultural commoditiesegg production from livestock population data. Protein content of each crop and animal food 1 product included in the analysis was taken from the USDA nutritional data, assumptions are 2 included in tables S4 and S12 (USDA2012e).
3
The environmental impacts associated with corn-based ethanol production were split 4 between ethanol and feedstocks using a weight-based allocation assumption. The weight-based 5 allocation is the most widely utilized allocation approach in the LCA literature. Allocation factor 6 assumptions are as follows: wet milling: 48% to feed byproducts and 52% to ethanol and dry 
25
However, since inclusion of all four species is typical in LCA studies, due to the study boundary 
31
Note that the variation in N runoff as a function of anthropogenic N inputs at the field scale can 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Comparison of production-phase environmental impact metrics derived at the farm-and national-scale for United States agricultural commoditiesnitrogen in rivers is on average equal to 25% of nitrogen inputs (Howarth et al. 2012 ; Hong et al. 
17
First, GHGs associated with Soil Management (e.g., nitrogenous fertilizer application)
18
and Field Burning were assigned to all crop commodities included in the analysis either directly,
19
where GHGs were reported by crop or through allocation. Second, the crops consumed by 20 livestock were used to estimate GHGs associated with animal-sourced commodities. The USDA
21
Inventory reports more detail than the EPA GHG Inventory and specifies N 2 O emissions for corn, 22 hay, wheat, soy, sorghum, cotton and provides a single estimate for all other non-major crops.
23
The non-major commodities include oats, barley, potatoes, rye, and rice and differentiate between 
17
The USDA tracks both planted and harvested acreage each year, and these values are 
23
Land area associated with each animal food product is the sum of both area occupied by animal 24 operations (USDA 2002) and land area occupied to produce animal feeds.
26
Results
27
The total nitrogen inputs/outputs, GHGs and land occupation for evaluated agricultural 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Comparison of production-phase environmental impact metrics derived at the farm-and national-scale for United States agricultural commoditiesproduction correspond to the highest N-fertilizer inputs, followed by chicken and milk, due to 1 large quantities of feed consumed to produce these commodities. Beef production is the largest 2 driver for nitrogen fixation primarily due to ingestion of alfalfa hay (60%) followed by soybean 3 cultivation (30%). Pork is the next largest driver for this category and is 100% due to soybean 4 cultivation, as is the case with chicken, eggs and turkey. Nitrogen fixation associated with milk 5 production is due to soybean cultivation (62%) and alfalfa (31%). Note that litter for housing and 6 bedding purposes were not included in this study, but may be relevant (Williams et al 2006) .
7
GHG emissions are much larger for animal-sourced commodities due to manure 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 Comparison of production-phase environmental impact metrics derived at the farm-and national-scale for United States agricultural commoditiesis managed the same actual environmental impacts may vary significantly across individual farms 1 and should be investigated in an individual farm-scale LCA. 
Reliability of Data and Partial Sensitivity Analysis for Some Major Assumptions
5
In any LCA study, and particularly for agricultural systems operating on massive scales within a 6 highly complex and dynamic environment, there are numerous sources of uncertainty and 7 variability. All of the underlying data used in this analysis are generated by government agencies 8 and are transparent for future studies. One should be cognizant that the methods and models 9 employed are often in a constant state of improvement, e.g., the EPA GHG Inventory or annual 10 USDA survey data. The uncertainty generated through assumptions and methods employed 11 within this study include allocation of crops to humans and livestock, N excretion rates from 
32
Total feed for livestock estimated using the approach developed herein compares well to 33 the quantity of crops allocated to livestock in the NANI toolbox, tables S11. The total estimated 34 
24
The approach and data sources for quantifying EP vary across LCA studies highlighting 25 the need for transparency and the value in deriving system-wide averages that enable one to put 
28
The wider range of EPs reported in the LCA studies evaluated as compared to this study result 
32
In many LCA studies, a nutrient balance is calculated according to the physical boundary 
12
In addition, not all of the studies included the same eutrophying species. Phosphorous 13 species (not accounted for in this study) contributed between zero and 63% of total EP (table S18) 14 in studies included in deVries and deBoer (2010) 
25
The top down approach presented in this study may serve as the scientific foundation for 
49
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